Objective We sought to compare neonatal outcomes in twin pregnancies following moderately preterm birth (MPTB), late preterm birth (LPTB), and term birth and determine the indications of LPTB. Study Design We performed a retrospective cohort study. MPTB was defined as delivery between 32 0/7 and 33 6/7 weeks and LPTB between 34 0/7 and 36 6/7 weeks. The composite neonatal adverse respiratory outcome was defined as respiratory distress syndrome and/or bronchopulmonary dysplasia. The composite neonatal adverse nonrespiratory outcome included early onset culture-proven sepsis, necrotizing enterocolitis, retinopathy of prematurity, intraventricular hemorrhage, or periventricular leukomalacia. LPTB cases were categorized as spontaneous (noniatrogenic), evidence-based iatrogenic, and non-evidence-based (NEB) iatrogenic. Results Of the 747 twin deliveries during the study period, 453 sets met the inclusion criteria with 22.7% (n ¼ 145) MPTB, 32.1% (n ¼ 206) LPTB, and 15.9% (n ¼ 102) term births. Compared with term neonates, the composite neonatal adverse respiratory outcome was increased following MPTB (relative risk [RR] 24; 95% confidence interval [CI] 3.0 to 193.6) and LPTB (RR 13.7; 95% CI 1.8 to 101.8). Compared with term neonates, the composite neonatal adverse nonrespiratory outcome was increased following MPTB (RR 22.3; 95% CI 3.9 to 127.8) and LPTB (RR 5.5; 95% CI 1.1 to 27.6). Spontaneous delivery of LPTB was 63.6% (n ¼ 131/206) and the rate of iatrogenic delivery was 36.4% (n ¼ 75/206). The majority, 66.6% (n ¼ 50/75), of these iatrogenic
Late preterm births (LPTBs), which constitute more than 70% of all preterm deliveries (24 0/7 to 36 6/7 weeks' gestation), 1 have recently garnered increased attention due to consistent demonstration of higher than previously expected neonatal morbidity and mortality in this group. In fact, this has led to the classification of preterm deliveries into very preterm birth (VPTB, 24 0/7 to 31 6/7 weeks), moderately preterm births (MPTB, 32 0/7 to 33 6/7 weeks) , and LPTBs (34°/ 7 to 36 6/7 weeks). [2] [3] [4] In an effort to decrease the prevalence of LPTB, there has been increased focus on the obstetric indications leading to these deliveries. Also, MPTB infants have significant prematurity-related morbidities of all preterm births in the United States. 17 Unfortunately, these efforts have predominantly involved singleton pregnancies, and there remains a paucity of data regarding obstetric indications leading to LPTB in twin gestations. The morbidity associated with preterm births (PTBs) coupled with the increasing rates of twin gestations and their associated preterm deliveries make this an important public health concern. Consequently, the objective of this study was to compare neonatal outcomes in twin pregnancies following MPTB, LPTB, and term birth in diamniotic twin pregnancies and to identify obstetric indications leading to early nonspontaneous delivery.
Methods and Materials
We conducted a retrospective cohort analysis of all twin deliveries at our institution between January 1, 1991, and January 1, 2011. Approval from the Committee for the Protection of Human Subjects Institutional Review Board at the University of Connecticut Health Center was obtained prior to data collection.
Inclusion criteria were twin gestation with two live-born infants and delivery after 32 0/7 weeks of gestation. Exclusion criteria included cases complicated by pregnancies with major congenital malformations, Rh alloimmunization, monoamniocity, and twin-to-twin transfusion syndrome. Subjects were categorized as MPTB (delivery between 32 0/7 and 33 6/7 weeks), LPTB (delivery between 34 0/7 and 36 6/7 weeks), and term birth (TB, delivery after 37 0/7 ). The TB group served as the referent population.
Demographic data were abstracted from the prenatal and inpatient records. Gestational age, chorionicity, and amnionicity were determined from prenatal records. In cases of uncertain last menstrual period, ultrasound-determined gestational age was used. Obstetric variables of interest included gestational hypertension and preeclampsia, gestational and pregestational diabetes, and treatment with antenatal corticosteroids and/or magnesium sulfate were abstracted from the prenatal and inpatient records.
Neonatal outcomes of interest were defined as respiratory distress syndrome based on the clinical findings of respiratory distress and chest X-ray findings of a diffuse reticulogranular pattern with air bronchograms 5 ; days of mechanical ventilation and/or continuous or intermittent positive airway pressure; intraventricular hemorrhage based on the Papile classification of cranial ultrasound findings of blood in the germinal matrix or ventricular system with or without ventricular dilatation 6 ; necrotizing enterocolitis based on Bell's classification (stage II and above) 7 ; periventricular leukomalacia as diagnosed by cerebral ultrasound findings of increased echogenicity and cystic lesions in the periventricular white matter 8 ; retinopathy of prematurity (ROP) based on pediatric ophthalmologic exam using the international classification of ROP 9 ; bronchopulmonary dysplasia diagnosed by the presence of chronic respiratory distress with an oxygen requirement beyond 28 days of life, accompanied by characteristic chest roentgenogram findings 10 ; early culture-proven sepsis defined as positive bacterial culture from samples obtained within the first 3 days of life; and length of hospitalization based on final discharge to a nonmedical facility. The composite neonatal adverse respiratory outcome was defined as respiratory distress syndrome and/or bronchopulmonary dysplasia. The composite neonatal adverse nonrespiratory outcome included early onset culture-proven sepsis, necrotizing enterocolitis, ROP, intraventricular hemorrhage, or periventricular leukomalacia.
We categorized the indication for LPTB using current recommendations endorsed by the American Congress of Obstetricians and Gynecologists (ACOG) 11 or published expert opinion (level III evidence). Spontaneous (noniatrogenic) causes of preterm delivery included cases of either premature rupture of membranes or preterm labor with intact membranes. Iatrogenic deliveries (indicated) were further categorizes as follows: deliveries based on obstetric indications supported by ACOG guidelines and /or expert opinion (level III evidence and expert opinion) were defined as evidencebased (EB), and deliveries based on obstetric indications not deliveries were deemed NEB, giving a total of 24.2% (50/206) NEB deliveries in LPTB group. Conclusion Our data demonstrate a high rate of late preterm birth among twin pregnancies, with over half of nonspontaneous early deliveries due to NEB indications. Although our morbidity data will be helpful to providers in counseling patients, our finding of high NEB indications underscores the need for systematic evaluation of indications for delivery in LPTB twin deliveries. Furthermore, this may lead to more effective LPTB rate reduction efforts.
supported by either of these were labeled non-EB (NEB; ►Table 1). All the NEB deliveries with no clear reason defined as elective.
Each twin was treated as one observation in the analysis. We created three categories of delivery time and compared other variables across these categories. We used analysis of variance to compare parametric continuous variables and Kruskal-Wallis test to compare nonparametric continuous variables across categories of delivery time. To compare the distribution of categorical variables between groups of delivery time, chi-square test or Fisher exact test was used. Risk of having a respiratory or nonrespiratory outcome, was assessed in MPTB and LPTB neonates relative to term neonates, after adjustment for antenatal corticosteroid and magnesium sulfate treatment, using multiple logistic regression models. We additionally adjusted our models for maternal age, diabetes, chronic hypertension, prior preterm birth, and in vitro fertilization. In this study, the unit of analysis is a twin. To account for a potential nonindependence of twin outcomes, we also used generalized estimating equation models. A significance level of 0.05 was used to reject the null hypothesis. Data was analyzed using SAS version 9.2.
Results
Of the 747 twin deliveries during the study period, 453 sets met the inclusion criteria with 22.7% (n ¼ 145) MPTB, 32.1% (n ¼ 206) LPTB, and 15.9% (n ¼ 102) term births (►Fig. 1).
Maternal factors were similar among the three groups except for older age among women who delivered at term (►Table 2). There were no neonatal deaths in the three groups. The rates of the adverse neonatal outcomes as defined by composite outcomes (respiratory and nonrespiratory) were significantly higher in those twins with MPTB and LPTB compared with term births (►Table 3). The relative risk of neonatal adverse outcomes (composite respiratory and nonrespiratory outcomes) increased progressively from MPTB to LPTB to TB with and without adjustment for other confounding factors (►Tables 4A and 4B). Neonatal characteristics and the specific short-term neonatal outcomes of their 906 infants are shown in ►Table 5.
Obstetric indications such as preeclampsia or gestational hypertension, and antepartum interventions such as antena-tal corticosteroid or magnesium sulfate therapy were significantly higher in earlier gestations (►Table 6).
Indications for delivery in the LPTB were shown in ►Table 7. Spontaneous delivery of LPTB was 63.6% (n ¼ 131/206) and the rate of iatrogenic delivery in this late preterm cohort was 36.4% (n ¼ 75/206). The majority, 66.6% (n ¼ 50/75), of these iatrogenic deliveries were deemed NEB, giving a total of 24.2% (50/206) NEB deliveries in LPTB group. All the elective deliveries were between 36 0/7 and 36 6/7 weeks. The mean gestational age at delivery was higher in the NEB group (36.1 weeks) than in the EB group (35.2 weeks; p < 0.001). In the univariate analysis, neonates in the NEB group had a lower median length of stay in the neonatal intensive care unit (14 days versus 5 days, p < 0.032). The rates of the adverse neonatal composite outcomes (respiratory and nonrespiratory) were not significantly different between NEB and EB groups.
Discussion
In this cohort study, we sought out to estimate the increased perinatal risk associated with MPTB and LPTB in uncomplicated diamniotic twin pregnancies and to identify obstetric indications leading to early nonspontaneous delivery. We found that the majority of nonspontaneous LPTBs were NEB. In fact, 24.2% of our late preterm cohort was delivered for NEB indications, many of which could be classified as perhaps "avoidable." Due to the well-established morbidity associated with LPTB, coupled with the higher than anticipated rate of NEB deliveries, our findings underscore the need for a thorough examination of indications leading to LPTB in twin pregnancies. Indeed, our results implicated mild preeclampsia/gestational hypertension (10.2%), intrauterine growth restriction with reassuring antenatal testing and/or oligohydramnios (6.3%), and no clear cause (elective; 5.8%) as leading causes for NEB LPTB. The rate of multifetal pregnancies, specifically twin gestations, has risen in recent years, most likely as a consequence of fertility treatments and delayed childbearing. 12, 13 Similarly, between 1980 and 2006, the percentage of births that were preterm rose from 9.4 to 12.7%-a rise of nearly 30%. 1, 13, 14 The percentage of twins delivered preterm has risen more than singletons, from 48 to 60% in the last two decades. 14 Consequently, there has been increased focus on strategies aimed at decreasing the rate of LPTBs, with attention on the specific indications for delivery in these cases. Similar to findings by Gyamfi-Bannerman and colleagues, the majority of nonspontaneous LPTB in our cohort were NEB. 15 The 24.2% rate of NEB deliveries in our LPTB patients is alarming. Even EB indications for LPTB are still only based on level III evidence/expert opinion. 11 This finding underscores the need for critical examination of all the indications for delivery in these patients. The concept of composite adverse respiratory and nonrespiratory outcomes has previously been well utilized. 16 We demonstrated a progressive increase in composite neonatal morbidity in twin pregnancies that ended with MPTB and LPTB compared with term deliveries. These findings are similar to and support those of the twin outcome study from the Eunice Kennedy Shriver National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. 16 We found respiratory distress syndrome to be the most common individual morbidity with a 17-fold increase among MPTB and an 8-fold increase in LPTB compared with term twins.
Infants born moderately preterm constitute approximately 32% of all preterm births in the United States, with significant prematurity-related morbidities. 17 In one study, 45% of these babies required assisted ventilation and had a readmission rate within 3 months of 11.2%. 17 Similarly, we found significantly higher composite respiratory and nonrespiratory morbidity in MPTB when compared with LPTB and TB neonates. Thus a significant portion of neonatal intensive care unit costs can be attributed to this group of patients, further highlighting the need to reevaluate the risks, benefits, and cost implications of earlier delivery in this group of patients.
We also need to weigh the risk of adverse neonatal outcomes against the risk of stillbirth that increases with gestation. Perinatal mortality among twin births declined close to 40% between 1989 and 2000. 18 This temporal trend of increasing twin preterm birth may actually be beneficial insofar as preventing perinatal death and may be a topic worthy of continued research. 19 This study has some limitations that merit discussion. This study was retrospective in design and relied on chart review to establish diagnoses. Not all the pregnancies were dated by early ultrasound examination and as a result, the percentage of LTPBs is likely overestimated. It is possible that some diagnoses were over-or underdiagnosed, which has the potential to bias our results. Although we did not consider NEB deliveries as indicated, they may have been. However, to the best of our ability, we could not see an evidence-based reason barring expectant management. Nevertheless, this is one of the largest studies in twin pregnancies examining the indications and outcomes for LPTB.
Conclusions
Our data demonstrate a high rate of LPTB among twin pregnancies, with over half of nonspontaneous early deliveries due to NEB indications. Although our morbidity data will be helpful to providers in counseling patients, our finding of high NEB indications underscores the need for systematic evaluation of indications for delivery in LPTB twin deliveries. Furthermore, this may lead to more effective LPTB rate reduction efforts.
